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Viime vuosina Suomeen on perustettu runsaasti pienpanimoita. Voidaan olettaa, että näillä 
panimoilla tulee olemaan erilaisia analyyttisia tarpeita. Metropolia Ammattikorkeakoulu on 
hankkinut Tankki Oy:ltä Leiritien yksikköön pienpanimolaitteiston, jota on tarkoitus käyttää 
niin panimotekniikan opetuksessa kuin mahdollisesti myös analyysipalveluiden 
tarjoamisessa. 
 
Panimolaitteistoa ei ole kuitenkaan aiemmin kunnolla tutkittu eikä laitteen mukana toimitettu 
riittävän hyvää käyttöohjetta. Tämän johdosta järjestettiin sarja kokeita, joiden tuloksena 
selvitettiin laitteistoon liittyviä teknisiä edellytyksiä sekä kirjoitettiin laitteen käyttöohje. Jotta 
eri prosessivaiheissa tapahtuvia ilmiöitä ymmärrettäisiin kunnolla, panimoalaan liittyvää 
kirjallisuutta ja ajankohtaisia tutkimuksia hyödynnettiin monipuolisesti. 
 
Koejärjestelyissä tutkittiin panimolaitteiston hyötysuhdetta sekä uutesaantoa. Työssä 
tutkittiin myös sitä, onko mäskäysprofiilin valinnalla vaikutusta uutesaantoon, sekä 
näytteiden säilytykseen liittyviä yksityiskohtia. 
 
Työssä valmistettiin useita eriä vierrettä, joista otettiin näytteet. Näytteet analysoitiin 
nestekromatografialaitteistolla, ja tuloksille tehtiin tilastollinen analyysi. 
 
Tulosten perusteella panimolaitteisto toimi kokeiden aikana noin 60 %:n hyötysuhteella, ja 
käymiskelpoisia hiilihydraatteja saatiin uutettua noin 40 % maltaiden kuivapainosta. Tulokset 
ovat suhteellisen matalat, ja johtuvat osittain tuntemattomiksi jääneistä, mutta 
nestekromatografiassa havaituista komponenteista. Tämän ohella myös joidenkin 
näytteiden pilaantuminen vaikutti epäsuotuisasti tilastollisen analyysin luotettavuuteen. 
 
Vaikka tulokset eivät ole laadukkaita, ne ovat keskenään tasapainossa ja tarjoavat pohjan 
tuleville tutkimuksille. Tarkempia ja tiettyihin osa-alueisiin keskittyneitä tutkimuksia 
suositellaan.  
Avainsanat Panimo, mallas, hiilihydraatit, hyötysuhde 
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The recent craft beer trend has given rise to several novel breweries in Finland. It is expected 
that the need for quality analysis, among other laboratory tests of beer, may also rise. 
Metropolia University of Applied Sciences has acquired an educational brewhouse from 
Tankki Oy to be able to offer thorough education on beer manufacture, but also to possibly 
be able to offer quality analysis services in the future. 
 
Since the brewhouse had neither been properly tested nor used in any experiments and it 
was also lacking a user’s operation manual, a series of tests was carried out and an opera-
tion manual produced. To fully understand the reactions occurring during various process 
stages, a literature review on the subjects of malting and production of wort was also con-
ducted. 
 
The experiments were arranged to study brewhouse efficiency and fermentable carbohy-
drate yield. Tests were also conducted on the subject whether the selection of mash profile 
or sample storage method had any relevance to carbohydrate concentration in the wort.  
 
Batches of wort were prepared, and samples taken from each batch. The samples were then 
analyzed with HPLC, and the results were studied. 
 
The results point out that the brewhouse was operated at the average efficiency level of 
60%, and fermentable carbohydrates were yielded at a 40% efficiency from the malt. These 
relatively low values may be due to unrecognized, yet detected, carbohydrate fractions pre-
sent in the samples. This, and also the spoilage of some samples, seemed to have an un-
favourable effect on the results of statistical analysis. 
 
Although not statistically viable, the results are balanced and rigid enough to display some 
solid understanding of the equipment. This encourages new and more concentrated studies 
to be conducted on the brewhouse. 
Keywords Brewhouse, malt, carbohydrates, efficiency 
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Abbreviations 
 
°P Degrees Plato. The amount of sucrose in a solution. 1 g of sucrose dis-
solved in 1 ml of distilled water is equivalent to 1°P. 
°Bx Degrees Brix. The amount of sucrose in a solution. 1 g of sucrose dissolved 
in 100 g of solution is equivalent to 1 °Bx. 
SG Specific gravity. The weight-ratio of the sample in relation to identical vol-
ume of distilled water. Higher the value, denser the liquid. 
OG Original Gravity. Specific gravity before fermentation. 
FG Final gravity. Specific gravity after fermentation. 
NRE Non-reducing end. The end of a sugar molecule, which is unable to be ox-
idized and which does not reduce other compounds. 
HPLC High-Performance Liquid Chromatography, an analysis method of carbo-
hydrates. A liquid sample is passed through a column filled with packing 
material, with which specific carbohydrates interact differently. 
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1 Introduction 
The main objective of this Engineer’s Thesis was to study the educational brewhouse 
set up and to commission it for Metropolia University of Applied Sciences in Leiritie cam-
pus, Vantaa, Finland. Experiments were done in order to assess fermentable extract 
yield and efficient operation of the brewhouse, and to create a basis for possible future 
studies. 
Since the recent and currently ongoing trend of establishing new, small craft breweries 
in Finland, it is expected that the need for various beer analyses and studies may also 
rise. These novel microbreweries may have limited access to laboratory-quality analysis 
and industry-standard brewhouse equipment. The educational microbrewery set up in 
Metropolia has the capabilities to produce industry-quality beer and to offer a wide se-
lection of laboratory analyses upon the beers produced. However, a sufficient level of 
knowledge regarding the operation, yield and efficiency of the brewhouse should be 
achieved first before it is possible to provide analysis services to novel breweries. Also, 
a thorough education of brewery industry can be achieved with the equipment. 
This thesis explores some of these aspects, and touches also upon the subject of malting 
and wort biochemistry. The literature review is then mirrored in a full description of the 
brewhouse operation, along with studies regarding brewhouse efficiency and analyses 
of the resulting data. 
The experiments described here were carried out in spring 2016. Sample analyses were 
carried after the brewhouse work. 
Along with brewhouse efficiency, fermentable carbohydrate yield, different mash profile 
and sample storing method suitabilities were also studied. Details of the brewhouse are 
exhibited in Chapter 3, materials and methods are exhibited in Chapter 4, and the overall 
results are presented in Chapter 5. A brewhouse user’s guide (only in Finnish), also 
written as a part of the thesis, is included in (Appendix 2). 
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2 Theory and Literature Review 
2.1 Barley 
In addition to water, hops and yeast, malted barley is one of the key ingredients when 
brewing beer. Several other cereal varieties are as well susceptible to malting and brew-
ing, but since barley is currently the de facto cereal used in beer-making, this thesis 
focuses solely on barley. 
Barley (Hordeum vulgare, H. distichon) is a cereal of the grass family (Poaceae). The 
annual production yield of barley is roughly 140 million tonnes globally (Figure 1). Several 
varieties are cultivated around the world, with some varieties planted in the autumn, 
called winter barley, and some varieties planted during spring, called spring barley. The 
varieties are further distinguished by their grain arrangement. 2-row and 6-row barley 
have different characteristics in enzyme activity and starch concentration. 6-row barley 
yields malt with higher protein concentrations, which in effect translates to higher enzyme 
activity and lower starch concentrations. However, 6-row barley grains are not sufficiently 
uniform for modern malting processes, and therefore 2-row varieties are generally fa-
vored when selecting barley for malting. [4, pp. 11-19; 14: pp. 15-22; 16; 18: pp. 30-32; 
19: pp. 8-18; 25: pp. 15-17] 
 
 Annual global production of barley [16]. 
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The dry matter of unmalted barley grain consists of estimated 90% carbohydrates. Of 
these, up to 85% are in the form of starch granules embedded in a protein matrix in the 
endosperm and, thus, cover the bulk mass of a single barley grain. The starch is divided 
to two distinct fractions: 
 Amylopectin, a branched polymer constituting 70 – 75% of the starch. It 
consists of D-isomer glucose units, linked by α-1,4 bonds in non-branched 
chains with α-1,6 bonds in each branch. Contains non-reducing ends 
(NRE) in the end of each branch, and a reducing end in the stem end. 
 Amylose, a straight-chain helical polymer constituting 20 – 25% of the 
starch, it consists of D-isomer glucose units linked only by α-1,4 bonds. 
One NRE and one reducing end. 
The remaining 15% of the carbohydrates is divided into insoluble carbohydrates, such 
as hemicellulose and cellulose. 
Protein constitutes of roughly 8% of the dry weight of a barley grain. Other components 
found in barley grain are minerals, vitamins, nucleotides, lipids, monophenols and poly-
phenols in minute quantities. [14, pp. 24-26; 17; 18, pp. 30-32; 19, pp. 28-30; 20, pp. 10-
14; 21; 22, pp. 28-30] 
2.2 Malting 
The main microbes used when brewing beer, Saccharomyces cerevisiae, S. carlsber-
gensis, S. pastorianus and some Brettanomyces strains, are single-cell fungi which by 
their metabolism convert simple sugars to alcohol and carbon dioxide. Yeasts are capa-
ble to ferment saccharides of only up to three glucose units long (typically glucose, malt-
ose and maltotriose). These organisms however, lack in their metabolism the enzyme 
amylase, which is required when splitting long-chained starch molecules into fermenta-
ble saccharides. Since barley – and other cereals used in brewing beer – consists mainly 
of starch, it is not fermentable as such, and processing is therefore required. 
Malting is a process where the grain is allowed to undergo a specific degree of germina-
tion. Main purpose of malting is to produce enzymes within the grain, which then initiate 
the enzymatic break-down of starch into fermentable saccharides. This modification pro-
cess is then finalized during mashing. 
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As the barley is selected to malting, the grains are evaluated based on their overall apti-
tude for the malting process. The qualification whether the grains are accepted is de-
pendent on the following factors: 
 Barley is of a generally accepted variety for malting 
 The grain moisture level should not exceed 14% 
 The grains have low nitrogen content of around 1.4 – 1.8% of the dry weight 
 No apparent mold or other microbial infestations occur 
 Grains are not pre-germinated 
 Grains are evenly sized with no foreign grains 
Malting begins with a process called steeping, which is a repeated soaking and resting 
of the grain. Steeping is completed in roughly 48 hours. A typical cycle of steeping is 
presented in Figure 2. [14, pp. 20-23; 18, pp. 30-32; 19, pp. 14-16; 20, pp. 37-38] 
 
 A typical cycle of steeping.  
The steeped barley with moisture content of roughly 45% is then spread evenly forming 
a bed with thicknesses varying with sophistication of the malting equipment. The mois-
ture content is kept near 45% by sprinkling required amount of water on top of the bed. 
Thus, high moisture level initiates germination in the grain. The bed is raked, and the 
germinating malt regularly turned in order to dissipate the consequentially metabolizing 
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heat and carbon dioxide. Raking and turning also prevents rooting and matting of the 
malt. 
Germination is allowed to continue for 3 – 6 days, depending on the equipment used and 
the wanted degree of modification of the grain. After the required period, germination is 
arrested by drying the grain by heating in a process called kilning. As most of the en-
zymes activated during malting are heat-labile, kilning should be done in highly controlled 
fashion, in order for the enzymes not to denature or otherwise damage in the process. 
Different intensities of heating produce different types of malt, varying from pale pilsner 
malt to dark roasted malt. [14: pp. 22-23; 18: pp. 30-32; 19: pp. 22-23, 35-37; 22: pp. 28-
30] 
2.3 Biochemistry of Malting 
As germination is a complex biochemical process constituting of multiple types of reac-
tions occurring throughout the grain, only the major and most important events concern-
ing brewing with barley are depicted here. 
2.3.1 α-Amylase 
The two main enzymes usually surviving the kilning process are α- and β-amylases. It 
should be noted that despite their importance in starch hydrolysis, α-amylase and β-
amylase are inherently different compounds. β-Amylase occurs naturally in the barley 
grain, whereas α-amylase is synthesized during germination.  
As the steeping process increases the grain moisture concentration, the exposure to 
moisture gives rise to plant hormone gibberellins. These are in part responsible for break-
ing the grain dormancy. During germination, gibberellins synthesized in the barley em-
bryo are transported to the aleurone layer of the grain. There the hormones stimulate the 
production of endogenous hydrolytic enzymes, such as α-amylase, β-glucanase and limit 
dextrinase. These compounds are synthesized from available amino acids and other re-
quired precursors. 
As a liquefying and dextrinizing hydrolytic diastatic enzyme, α-amylase (EC: 3.2.1.1) 
works by converting soluble starch into shorter carbohydrates during mashing. It has the 
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optimal pH range of 5.5 – 5.8 and the optimal temperature range of 65 – 75 °C. α-Amyl-
ase is destroyed at temperatures exceeding 75 °C. It requires calcium ions from the 
surrounding media in order to operate. 
Two major characteristics of the enzyme should be noted: First, α-amylase hydrolyzes 
α-1,4 bonds randomly, yielding dextrins, sugars and amylose from amylopectin. Second, 
it does not have the ability to hydrolyze α-1,6 bonds found in amylopectin branch points, 
which leaves the amylopectin unbranched. [14, pp. 26-27; 19, pp. 28-32; 22, pp. 28-30; 
23, pp. 18, 25, pp. 84-86] 
2.3.2 β-Amylase 
Enzymatic proteins, such as globulins and albumins, work as sources of endogenous β-
amylase. In addition to α-amylase, β-amylase is one of the two main enzymes catalyzing 
the hydrolysis of the starchy endosperm. It is a saccharifying hydrolytic diastatic enzyme 
responsible of hydrolyzing starch into maltose, maltotriose and glucose. It has the opti-
mal pH range of 5 – 5.2, and the optimal temperature range of 57 – 66 °C. β-Amylase is 
destroyed at temperatures exceeding 75 °C. It has the general requirement of reducing 
conditions. 
β-Amylase (EC: 3.2.1.2) yields the disaccharide maltose by hydrolyzing glucosidic α-1,4 
bonds in the NRE. Since amylopectin is a branched starch molecule with non-reducing 
ends in each branch, β-amylase is capable of only hydrolyzing maltose from each NRE. 
This restriction also leaves amylopectin unbranched. 
Amylose carries one NRE and is therefore also susceptible to hydrolyzation by β-amyl-
ase. β-Amylase works in concert with α-amylase, which produces amylose and other 
components with non-reducing ends for β-amylase to hydrolyze. [19, pp 28-32; 22, pp. 
28-30; 23, pp. 37] 
2.3.3 Protein Degradation 
It is suggested that the starch hydrolysis is in part made possible by degradation of the 
starch granule binding protein matrix. The protein matrix encasing the starch granules is 
consisted of structural proteins hordein and glutelin. The presence of these proteins in 
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the polysaccharide cell walls and in adjunct to starch granules appear to inhibit the en-
zymatic degradation of the starch. During malting, these proteins are expected to break 
down due to proteolytic activity and expose the starch granules to enzymatic hydrolysa-
tion. 
Besides the exposure of the starch, protein degradation also leads to rise in amino acid 
levels, and subsequently rise in nitrogen levels. When brewing with any type of malted 
barley, the produced worts usually have similar amino acid compositions. Thus, more 
important is the total soluble nitrogen (TSN). Amino acids and other smaller nitrogenous 
compounds are crucial to yeast growth and therefore to successful fermentation. Larger 
amines are not metabolized by yeast, and thus remain in the final beer, producing not 
only malignant but also beneficial and impairing properties. [4, p. 86; 14, pp. 46-47; 22, 
pp. 27-28]   
2.3.4 Degree of Modification 
The degree of modification refers to how far the malting process has been allowed to 
continue and how much of the starchy endosperm has undergone the malting process. 
The enzymatic modification begins in the embryo and is permeated through the endo-
sperm. Should malting be incomplete by error or by determination, such malts are re-
ferred to as being of low degree of modification. On the other hand, if most of the starch 
has been converted, it will lead to excessive embryo growth and subsequently low car-
bohydrate yields during mashing. Malting process should ideally convert only from 10% 
up to 40% of the starch to saccharides, therefore the remaining, required extract ought 
to be yielded during mashing. 
Degree of modification can be estimated by the diastatic power of the malt, which is 
expressed in the United States in degrees Lintner (°L) or, in Europe in order to avoid 
confusion to degrees Lovibond, in degrees Windisch-Kolbach (°WK). However, °L or 
°WK values of different batches of malt are not precisely comparable. Alongside the de-
sired α- and β-amylase activity, these measuring units take all diastatic enzyme activity 
in consideration. Therefore, even analytical °L and °WK values may differ greatly, since 
multiple different enzymatic processes are in effect in different malt batches depending 
on multiple factors. Generally, values from 40 °L up to 160 °L (120 – 544 °WK) are within 
acceptable range, with values of over 62 °L (200 °WK) typically yielding favorable results.  
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Degree of modification should be taken into account when estimating the suitability of a 
mash profile for the particular batch of malt. Higher degrees of modification encourage 
the implementation of a relatively moderate mash profile, with keeping the mash for ex-
ample in static temperature of 66 – 67 °C for a certain period of time. Lower degrees of 
modification, on the other hand, may require more complex mash programs, with prote-
olysis rest at 50 °C and specific temperature rests for each enzyme to yield expected 
results. [4, p. 24; 18, pp. 30-32; 19, pp. 22-25, 31; 21, 25, pp. 44, 89-90; 28, pp. 161] 
2.4 Production of Wort 
2.4.1 Mashing 
Mashing is the process aiming to produce sweet wort. It is initiated by combining liquor 
with grist, and by heating the mixture in a controlled fashion. Liquor is water with con-
trolled ion and mineral composition, and grist is a mixture of different types of crushed 
barley malt or other cereal, dictated by the beer recipe.  Liquor to grist ratio (ml liquor/g 
grist) in the mixture is determined by the following factors: 
 Desired quantity and quality of sweet wort 
 Desired concentration of extract 
 Mechanical limitations, such as kettle volumes and brewhouse efficiency 
 Malt efficiency 
Generally, the liquor to grist ratio is set between 3 ml/g to 7 ml/g with exceptions of up to 
8 ml/g for extremely light beers. Thicker mashes with ratios below 3 ml/g may be used 
with potentially lesser extract yield, but as the ratio lowers below 3 ml of liquor / 1 g of 
grist, adverse effects may start to emerge. These include but are not limited to reduced 
extract yield due to amylase inhibition and lack of free water, various difficulties during 
processing stages due to increased wort viscosity, and increased amine concentrations 
producing unwanted characteristics in final beer. There are solutions to these challenges, 
such as refining the recipe malt composition and implementing different mash step tem-
peratures or durations. [4, pp. 85, 116-118; 14, p. 31] 
The mixture of crushed malt and liquor is heated in accordance with optimal tempera-
tures of wanted biochemical reactions. Amylase hydrolysis, for example, is optimal in the 
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range of 66 °C to 67 °C due to optimal conditions for both α- and β-amylases. Heating is 
allowed to continue for a specific duration of time depending on mash thickness and 
targeted extract yield, with mashing durations being generally 2 – 6 hours. Depending 
on the recipe and other factors, such as the degree of modification, several different 
mash steps may be implemented. Two mash profile examples are depicted in Figure 3. 
[4, pp. 88-95; 25, pp. 84-91; 28, p. 169] 
 
 Two examples of different mash profiles. The blue line represents a multi-step profile 
for undermodified malt, with mash-in at 35 °C, a proteolysis rest at 50 °C, amylase 
hydrolysis (saccharification) at 66 °C and mash-out (enzyme deactivation) at 76 °C. 
The red line represents a single-step (infusion) mash profile for highly modified malt, 
with mash-in at 55 °C, amylase hydrolysis at 66 °C and mash-out at 76 °C. 
2.4.2 Wort separation 
Once the mashing is completed, wort is required to be separated from spent grain. Sev-
eral methods of separation are used in the brewing industry, ranging from filters and 
centrifugal separators to Archimedean screws. Here is described only the usage of a 
lauter tun, which is one of the most common wort separation devices used in the industry. 
A traditional lauter tun is usually a sieve tank with a false bottom which collects the sep-
arated wort. In the lauter tun, grain and loose husk settle to the bottom of the tun, forming 
a natural separation layer. Sweet wort is then allowed to pass through this thick bed, and 
is transferred by hydrostatic pressure to a wort-collection vessel, usually located below 
the lauter tun. As the wort is being separated, majority of the unwanted particles are 
encased in the husk, thus initiating the clarification of the wort. 
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For the run-off to be efficient, the grain bed should be allowed to settle properly and be 
kept well-moisturized and heated. Moisture level is maintained by allowing water with 
temperature of around 80 °C to drip on top of the bed. This stage of the brewing process 
is called sparging, and is crucial in order for all of the saccharides to be extracted from 
the grain. Should the moisture level or bed temperature drop radically during sparging, 
blockages may occur due to protein accumulation in the lauter tun slots. 
Initial samples of the sweet wort passing though, called first runnings, are highly concen-
trated with saccharides and other substances. A portion of the first runnings is usually 
circulated again through the malt bed. As the wort is transferred and sparge water begins 
to sieve through, also the saccharide concentration level in these last runnings drops 
radically. 
Separating the wort by the process described above allows a run-off time of 1 – 2 hours. 
With thicker mashes, lauter times are also prolonged. Besides lautering, various filtration 
systems are used to separate the mash and the wort. In industrial-scale breweries, sep-
aration is usually fully automated and thus very efficient with good yield and low waste. 
[4, pp. 85-122, 189-225; 18, pp. 37-42; 14, pp. 31-44; 19, pp. 54-72; 25, pp. 101-102] 
2.4.3 Boiling 
One of the most energy-consuming operations in a brewery is boiling, taking up to 54 
MJ/hl of energy. Depending on recipe and other factors, boil durations are from 45 
minutes up to 2 hours. With novel solutions, wort may be boiled in high pressure, subse-
quently boiling the wort in higher temperatures. This leads to shortened boil durations, 
and boils lasting down to 15 minutes may be reached. 
Many sources cite the following reasons for boiling the wort: 
 Inactivation of enzyme activity. All enzymes denature in the first minutes 
during boiling, and their activity is expected to seize. 
 Sterilization of the wort. This provides not only a hygienic end-product, but 
also a rich media for the yeast to grow, free of competition. 
 Evaporation of water, and subsequent concentration of the wort. As the 
excess water evaporates, usually at a rate of 5 – 15% per hour, the SG 
value rises as the wort concentrates. 
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 Evaporation and decomposition of volatile materials. Most of the volatile 
compounds are undesired in the beer due to their unpleasant effects, 
mostly to flavor and aroma. The volatiles are distilled via the evaporating 
steam. 
 Coagulation of proteins and tannins. The coagulation leads to further clari-
fication of the wort, as the accumulated mass flocculates and is thus more 
easily separated. 
 Precipitation of calcium phosphate and consequent fall in pH, which assists 
in coagulation of proteins and tannins. 
 Color formation from caramelization of sugars.  
 Alpha-acid solubilization and isomerization from hops. With hop additions, 
sufficient boil is required in order to solubilize the alpha-acids. These con-
tribute to beer bitterness and aroma. 
An important aspect of the boil is to ensure vigorous and agitated boiling, in order to keep 
evaporation and precipitation rates at a sufficient level. If a boil cannot be sufficiently 
agitated by heating, stirring with a mixer may reach a similar result. 
Once sweet wort has been included with hop additions and boiled thoroughly, the fluid 
is called bitter wort.  [4, pp. 304-307; 14: pp. 85-95; 19: pp. 85-90; 25, p. 92] 
2.4.4 Whirlpool 
After the wort has been boiled, trub is separated from the wort. Trub is an accumulation 
of proteins, malt and hop residue and other solid matter remaining in wort. Depending 
on the recipe, the concentration of trub may be between 0.25 to 1.5 kg/hl. Implementing 
a centrifugal force through the utilization of a whirlpool vessel is the traditional way to 
initiate this clarification of wort. 
The theoretical maximum separation is reached when wort is ejected to the whirlpool 
vessel with tangential angle of 30°, with the velocity of 3.5 m/s. 
After the whirlpool, bitter wort is cooled, transferred to the fermentation vessel and inoc-
ulated with yeast. The specific mashing and wort production conditions used in the ex-
periments for this thesis are described in section 4.2. [4, p. 349; 25, p. 109] 
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2.5 Sweet Wort 
Sweet wort is viscous liquid, usually brown in color in part due to Maillard reactions oc-
curring during mashing. Mash profile and grist composition have the greatest effect on 
the final sweet wort composition. In general, it is a complex media rich in nutrients, car-
bohydrates, amino acids, minerals and a plethora of other components infused from the 
grains used, all resulting in the final outcome of the beer. Sweet wort is further processed 
down-stream to wort by boiling and bittering with hops. [4, pp. 122-164; 14, pp. 45-47; 
18, pp. 46-60; 19, p. 114; 25, pp. 76-77] 
2.5.1 Carbohydrates of Sweet Wort 
Carbohydrates make up around 90% of all of the solids in sweet wort. Some 98% of 
these originate from starch as a result of enzymatic activity during mashing, with 2% 
resulting from hydrolysis of other long-chained carbohydrates, such as hemicelluloses. 
Regardless of the selected malt grist composition or mash profile, eventual wort carbo-
hydrate fractions are expected to show similar compositions. As the sweet wort is boiled 
to bitter wort, no significant changes in carbohydrate composition is expected to show. 
Depending on multiple factors, such as grist composition, liquor to grist ratio, mash effi-
ciency, brewhouse efficiency and mash profile, anything up to roughly 75% of the carbo-
hydrates in wort are expected to be fermentable. In brewering industry, sugar adjuncts 
are conventionally used in wort production in addition to carbohydrates originating from 
malt. 
A general outline of carbohydrate fraction shares in final bitter wort before fermentation 
is expressed in Table 1.  
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 General carbohydrate fraction shares in wort. 
Carbohydrate fraction Share-% 
Fermentable   
Maltose 46% 
Maltotriose 13% 
Glucose 7% 
Sucrose 4% 
Fructose 3% 
Non-fermentable   
Dextrins, glucans, pentosans, maltotetraose 26% 
Sugars are categorized by their lengths. Oligosaccharides are long carbohydrates, con-
stituting mainly of 4 to 20 glucose units, and as such are non-fermentable by yeast. Some 
20% of the oligosaccharides in wort are over 20 glucose units long. These are mainly 
dextrins, glucans and pentosans, and include also maltotetraose, maltopentaose, malto-
hexaose, among many other longer carbohydrates. Depending on the share of ferment-
able fractions, non-fermentable oligosaccharides constitute some 25 – 30% of the car-
bohydrates in wort. 
Trisaccharides, such as maltotriose, are three-glucose-unit-long saccharides, and they 
are the last to ferment. Should fermentation be incomplete, residual trisaccharides may 
be present in final beer, giving rise to various characteristics. 
A major constituent of wort carbohydrates is maltose. A disaccharide constituting of two 
molecular glucose units, it is formed mostly during mashing. An another important disac-
charide is sucrose, which originates almost completely from the grain. Disaccharides, 
along with monosaccharides, are taken up first by the yeast. 
Monosaccharides, such as glucose and fructose, make up of roughly 10% of the wort 
carbohydrates. These originate from both the grain itself, but from enzymatic action dur-
ing mashing also. Ribose, arabinose and xylose may be found also in minute quantities. 
[4, pp. 87, 122-127, 307; 14, pp. 45-47; 18: p. 48] 
2.5.2 β-Glucans 
β-Glucans are glucose polymer hemicelluloses found in endosperm cell walls, which are 
insoluble in hot water. Their concentrations are dependent on barley variety and annual 
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crop growth conditions, with concentrations from 1.5% up to 4% of the endosperm 
weight. Inadequate modification of the malts – presented as low value of °L – may also 
be an indication of relatively high β-glucan concentrations. Older sources maintain that 
moderate quantities of β-glucan would produce beneficial properties to the final beer, 
such as enhanced foaming, but recent studies show that this may not be the case. 
High β-glucan concentrations have the tendency to produce high-viscosity worts, which 
may lead to problems during different brewing stages. Concentrations of above 350 mg/l 
may manifest as blockages especially during lautering or filtration. Therefore, β-glucans 
should be sufficiently degraded before wort production. Roughly 75% of the β-glucans 
are expected to hydrolyse during malting due to endogenous β-glucanase activity. Hy-
drolyzation should occur during malting, since β-glucanases are relatively heat-labile 
with denaturation occurring above 52 °C, and are therefore inactivated during mashing. 
If endogenous β-glucanase activity has not been sufficient, industrial β-glucanase solu-
tions of fungal or bacterial origin may be added to the mash. [14, pp. 24-27; 18, p. 31; 
22, p. 30; 23, p. 37; 25, p. 88; 28, p. 158] 
2.6 Carbohydrate Yield 
Economic aspects are of prime importance when estimating the validity of setting up a 
brewhouse. One of the main measure of efficiency of a brewhouse is its capability to 
yield fermentable sugars from the grist used. In order to know the operation-limiting fac-
tors arising from waste losses and capacity limitations, extract yield of the brewhouse 
should be assessed. According to Priest and Stewart (2006), brewhouse yield, or extract 
yield, is the relation between the theoretical maximum extract from the raw material and 
the total extract yielded. It is defined by Priest and Stewart (2006) and Enari (2014) as 
follows: 
𝐵𝑟𝑒𝑤ℎ𝑜𝑢𝑠𝑒 𝑦𝑖𝑒𝑙𝑑 (𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑦𝑖𝑒𝑙𝑑)
=  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑜𝑟𝑡 𝑦𝑖𝑒𝑙𝑑 (𝑙)  × 0,96 × 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 °𝑃 (
𝑘𝑔
100 𝑘𝑔
) × 𝑆𝐺 (
𝑘𝑔
𝑙
)
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑔𝑟𝑖𝑠𝑡 𝑐ℎ𝑎𝑟𝑔𝑒 (𝑘𝑔)
 
In the equation, volume of wort yield is the total wort yield in liters collected for fermen-
tation, 0.96 is the volume contraction factor of cooling the wort from 100 °C to 20 °C, 
extract content is the dry matter in kg in 100 kg of wort (in essence °P), and SG is the 
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specific gravity before fermentation, in essence the weight-ratio of the sample in relation 
to identical volume of distilled water. Weight of grist charge is the mass of the grist in the 
mash. All measurements should be taken at wort temperature of 20 °C, and are esti-
mates at best. Difference between the total extract yield, as analyzed in laboratory con-
ditions, and brewhouse yield calculated here, should be in the range of 0.5 – 1%. Total 
extract yield data for each malt batch is available from corresponding malt datasheet. 
Larger brewhouses operate in a typical range of 75 – 79%, and are capable of producing 
several batches per day. Depending on the equipment and other factors, producing up 
to ten batches per day is not uncommon.  [25, p. 103; 27, p. 442] 
3 Description of the Brewhouse and Unit Operations 
The brewhouse was acquired as made-to-order and commissioned for Metropolia Uni-
versity of Applied Sciences from Tankki Oy, Ähtäri, Finland, for educational and research 
purposes during winter 2015 and spring 2016. The equipment is a miniature version of 
an industry standard brewhouse used in several industrial breweries in Finland.  
The main function of the equipment is to use an internal, electricity-powered water boiler 
to heat a jacketed vessel, which functions both as a mash tun and boil kettle. The fluid 
is transferred between different unit processes via a rotary lobe pump with manually ex-
changeable transfer hoses, affixed to vents by camlocks. An overview of the brewhouse 
is shown in Figure 4, while the main P&I diagram is shown in Figure 5, and layout in 
Figure 6. List of Equipment can be found in (Appendix 1). Specific user’s manual in Finn-
ish for the brewhouse with all unit processes and control options is also included in (Ap-
pendix 2).  
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 Overview of the brewhouse. Main control panel is visible in the top left corner, with three 
tanks for different brewing stages in the middle and on the right side. Rotary lobe pump 
and heat exchanger are visible in the lower right corner of the rack. The four fermenta-
tion tanks can be seen in the foreground. 
 
 Piping and instrumentation diagram of the brewhouse. With permission from Tankki Oy. 
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 Layout of the equipment. Position number legends can be found in (Appendix 1), List 
of the Equipment. With permission from Tankki Oy. 
A basic flowchart of the brewhouse operation can be seen in Figure 7. Essentially, the 
basic operation of the brewhouse is as listed below. Between each process stage, fluid 
is being transferred, either in the form of water, mash, or wort. 
 Mashing in the mash tun and boil kettle, adding malt and water (pos. 2.0) 
 Lautering, sparging and sweet wort collection to whirlpool vessel (pos. 4.0) 
 Boiling the sweet wort in the mash tun and boil kettle, adding hops (pos. 
2.0) 
 Clarification of the boiled bitter wort in the whirlpool vessel (pos. 5.0) 
 Cooling of the bitter wort (pos. 6.0) 
 Inoculation with yeast and fermentation (pos. 9.0) 
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 Basic flowchart of the brewhouse operation. Position number legends can be found in 
(Appendix 1), List of the Equipment. 
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3.1 Logic and Program Control 
The equipment is controlled by AutoLog ® logic system, manufactured by FF-Automation 
Oy, Valkeakoski, Finland, and implemented to the brewhouse by Tankki Oy. The main 
functions of the brewhouse are controlled via a touch screen control panel, affixed in the 
front of the mount. The main screen of the control panel is displayed in Figure 8 (pos. 
7.0). 
 
 Main screen of the user interface of the brewhouse control panel. Left side displays the 
water boiler, while the right side displays the mash & boil kettle. Various real-time in-
formation is displayed around the diagrams, while touch-screen menu selection buttons 
can be seen in the bottom of the screen. 
Major functions of the brewhouse can be controlled via the control display. Programmed 
heating of the kettles, alarms, mixing, and fermentation tank temperatures can be auto-
mated with sufficient precision, but some aspects, such as raw material additions and 
fluid transfers have to be done manually. Besides being the control panel to the 
brewhouse system, it also displays various statuses of the equipment in real-time. 
Multiple recipes can be saved in to the memory, with multiple different heating step op-
tions available. The recipes can be then repeated, with selection from the menu. It should 
be noted that the logic is not capable of generating a brewing recipe, but only repeating 
a recipe input by the operator. 
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3.2 Heat transfer 
Main function of the brewhouse is to heat water in an internal water boiler, equipped with 
electrical 3 x 2 kW elements (pos. 3.0). This water is then circulated automatically in a 
controlled fashion in the heating jacket of the combined mash and boil kettle. The main 
boiler is shown in Figure 9 alongside the heat transfer piping, with automated circulation 
pump (pos. 3.5) and valves (pos. 3.1) controlling the flow of the liquid. 
The 40 l water boiler is manufactured out of stainless steel, graded 1.4307 (SS 2333), 
has the maximum pressure endurance of 2 bar, and is equipped with insulation lining, 
pressure gauge and safety valve. The automation controls the three 2 kW boiler heating 
elements, triggering the elements on and off as required by the ongoing heating stage, 
with maximum heating power of 6 kW. The heater can be set to attempt to rise the mash 
or wort temperature from 0.1 °C up to 2 °C per minute.  
  
  Main water boiler, heat transfer piping, pump and valves controlling the flow, located 
behind the mount shown in Figure 4. Two pipes can be seen in the left side of the 
mount, joining to the heating jacket of the mash & boil kettle on the other side. 
Another aspect of the heat transfer in the brewhouse is the heat exchanger, used to cool 
the boiled wort to a suitable temperature for the yeast to function. The heat exchanger 
delivered with the brewhouse is a plate heat exchanger type M3-FG, manufactured by 
Alfa Laval AB, Lund, Sweden, shown in Figure 10 (pos. 6.0 in List of Equipment). 
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  Alfa Laval Plate-and-Frame Heat Exchanger. Legend: A: Hot wort in; B: Cooled wort 
out; C: Cooling water in; D: Cooling water out.  
Feeding from the whirlpool vessel with the lobe rotor pump, hot wort is cooled to a suit-
able yeast inoculation temperature using the plate-and-frame heat exchanger. Cold wa-
ter is run through the heat exchanger counter the wort flow, and subsequently heat is 
transferred from the hot wort to the cold water. An output temperature sensor (pos. 6.1 
in the List of Equipment) sends real-time temperature data of the output wort to the Au-
toLog® control system, and is displayed on screen. Output wort temperature is controlled 
by adjusting the flow velocity of cold water and hot wort. 
3.3 Fluid transfer 
All of the fluid – water, mash and wort – is transferred between the kettles with a rotary 
lobe pump type SRU1/005/LD, manufactured by Alfa Laval Eastbourne Ltd, UK, shown 
in Figure 11 (pos. 5.1). The pump is bi-directional cantilever type, with entry and exit 
vents both affixed with male camlock connectors. Clean-Tek 1710 transfer hoses, man-
ufactured by Teknikum (Suzhou) Technology Co., Ltd., are used to connect different 
input and output vents. The fluid transfer hoses need to be manually affixed, depending 
on the source and target vessels accordingly. The pump is driven by Nord Drivesystems 
SK 71L/4 motor (pos. 5.2). The function of the motor, and subsequently the pump, is 
controlled via physical switches in the control panel, with direction selection (from left to 
right or right to left), and relative transfer speed controlled with a frequency converter 
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from 0% to 100%. The motor has the theoretical maximum transfer velocity of 53 l/min 
[26]. 
 
  Alfa Laval lobe rotary pump with male camlock connectors used for hose connections. 
The kettles are laid out on the mount for the brewing process to move from one process 
stage to another as easily as possible. As shown in the flowchart in Figure 7, the brewing 
process begins in the mash tun (pos. 2.0). Once complete, the mash is transferred via 
the rotary lobe pump to the lauter tun (pos. 4.0). Lautered sweet wort is then transferred 
by hydrostatic pressure to the whirlpool vessel for temporary collection (pos. 5.0). From 
there, the collected sweet wort is transferred again with the rotary lobe pump to the boil 
kettle (pos. 2.0). Once boiled, the rotary lobe pump is used again to transfer the wort 
back to the whirlpool vessel, where the pump is used to create a centrifuge in order to 
separate trub from the wort. From the whirlpool vessel, the clarified wort is transferred 
via the heat exchanger (pos. 6.0) directly to the fermentation tank (pos. 9.0), where it is 
inoculated with yeast and allowed to ferment. 
3.4 Mash and boil kettle 
The mash and boil kettle shown in Figure 12 (pos. 2.0) is a heat-jacketed vessel with two 
specific functions. Initially, it works as the mash tun, and later in the brewing process as 
the boil kettle. It has the net volume of 45 liters, is manufactured out of stainless steel, 
graded 1.4307 (SS 2333), and is equipped with insulation lining and a variable speed 
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mixer. It is also equipped with three couplings for connecting various instruments, such 
as temperature, pH or refractometer sensors.  
 
 Mash tun and boil kettle. On top of the kettle can be seen the motor of the rotary mixer, 
with temperature sensor affixed on the left side, and a refractometer on the right side. 
A ball valve in the bottom of the vessel is equipped with a male camlock connector, to 
be connected with a transfer hose to the lobe rotary pump. The bottom valve is used for 
both exit and entry, depending on the brewing stage. 
A mixer (pos. 2.1 in the flowchart, Figure 7) is affixed via a motor (pos. 2.2) on top of the 
vessel, with multiple control options available in the touch screen control panel. The mo-
tor of the mixer can be seen on top of the vessel in Figure 12. 
Besides being the mash tun, the vessel functions also as the wort boiling kettle. Mash 
heating and wort boiling is initiated by the logic control, which allows heated water to 
circulate in the heating jacket of the vessel. Duration of the mash time and boil is deter-
mined by the beer recipe, which can be set in the control panel. Mash heating and wort 
boil are automatically shut down once the program has been completed. 
During the tests, a process refractometer (pos 2.3 in the List of Equipment), model PR-
23-GP, visible on the right side of the vessel in Figure 12, manufactured by K-Patents 
Oy, Vantaa, Finland, was attached to the vessel on the right side coupling. Thus, con-
stant refraction data from within the vessel provided by the refractometer was available. 
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With the refraction data, progress of the mash can be observed. Also available was con-
stant temperature data from within the vessel, provided by a temperature sensor (pos. 
2.4 in the List of Equipment). Refraction and temperature data were logged and used to 
follow the progress of mashing. 
3.5 Lauter tun 
Lauter tun, shown in Figure 13, (pos. 4.0 in the flowchart Figure 7 and List of Equipment) 
is the vessel where the wort is separated by hydrostatic pressure from spent grain. Spent 
grain is discarded, and after temporary collection in the whirlpool vessel, sweet wort is 
transferred to the boil kettle to be boiled to wort. 
 
  Lauter tun. Two valves are visible: Horizontal valve on the top right side for mash input 
and bottom valve for releasing the sweet wort. Vertical valve on top of the vessel for 
sparge water input is cropped out of the picture. 
Lauter tun can be fitted with one of the two included malt pipes. The malt pipes differ by 
their bottom slot arrangement, and need to be chosen by the operator depending on their 
preference. Once fitted with the appropriate malt pipe, mash is transferred in to the lauter 
tun from the mash tun with the lobe rotor pump. It should be noted that pre-heating the 
malt pipe with hot water is recommended, since transferring hot mash to a cool vessel 
may cause the malt protein to instantly coagulate, and subsequently block the malt pipe 
bottom slots. 
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Below the malt pipe remains a shallow bottom area, where the dripping sweet wort is 
initially collected. Bottom of the lauter tun is fitted with a ball valve and a transfer pipe to 
the whirlpool vessel, which functions here only as a temporary wort collection vessel. 
The transfer pipe, visible in Figure 14, is fitted with a sight glass for visual observation of 
the flow and clarity of the wort.  
The lobe rotor pump may be used for the sparging procedure, with hot water slowly 
transferred from the boil kettle to the lauter tun via the valves shown in Figure 13.  
As the required quantity of sweet wort has been transferred, only slightly moist spent 
grain should be left in the malt pipe. The malt pipe is lifted from the lauter tun. the spent 
grain is discarded, and the vessels are properly cleaned. 
3.6 Whirlpool 
After the wort has been boiled, the lobe rotor pump is once again used to transfer the 
wort to the whirlpool vessel, shown in Figure 14 (pos. 5.0 in the flowchart Figure 7 and 
List of Equipment). 
 
  Whirlpool vessel. Tangential whirlpool valves can be seen on the bottom right (vent 
with two separate valves), trub release valve on the bottom and wort collection tube 
with seeing glass on top of the vessel. 
Wort is input to the vessel with the lobe rotor pump from the tangential valve, in order to 
create a whirlpool with centrifugal force collecting the trub in the middle of the vessel. As 
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the wort spins, most of the trub separates from the wort, thus significantly clarifying the 
wort. 
The clarified wort is transferred via the tangential valve through the plate heat exchanger 
to the fermentation tank. The trub, containing mostly denaturated malt protein, hop resi-
due and other redundant substances, is discarded from the bottom release valve, and 
the vessel is cleaned.  
3.7 Fermentation 
The brewhouse is equipped with four fermentation tanks, displayed in Figure 15 (pos. 
9.0), each with volume of 30 liters. Two of the tanks are intended to be used as primary 
fermentation, and two as secondary fermentation and maturation. 
 
  The four fermentation tanks. Two leftmost tanks are equipped with mass sensors, lo-
cated under their feet. On the far left can be seen the Bierkühl BOC-4 refrigeration unit. 
The tanks are equipped with BOC-4 refrigeration system provided by Bierkühl Oy, Mik-
keli, Finland (pos. 9.1). Cooling water circulates through the insulation jacket of each 
tank, and the temperature for each tank can be set and observed via the touch screen 
control panel. Besides the coolant system, two of the tanks are equipped with weight 
sensors, which provide real-time data of the weight of the contents of the tank. Both the 
temperature and mass data are displayed in the touch screen display, as can be ob-
served in Figure 16. Each column represents each tank, respectively. From the display, 
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target tank temperatures can also be set for each tank separately. This allows the brew-
ing, conditioning and maturation of multiple temperature-critical types of beers, such as 
lager beers. 
 
 Temperature and mass data from the fermentation tanks. Target temperatures can be 
set for each tank accordingly.  
4 Materials and Methods 
4.1 Malts 
The malt used for the experiments was crushed Pilsner Malt, with batch number 3214 
and best before date of 18.04.2017, produced by Viking Malt Oy, Lahti, Finland. Sample 
of the malt is shown in Figure 17. The barley used for the malt was Finnish 2-row spring 
barley. Pre-crushed malt was purchased for practical reasons. 
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  A sample of crushed Pilsner Malt, produced by Viking Malt Oy, Lahti, Finland. 
As described in Table 2 and according to the malt datasheet provided by Viking Malt Oy 
[24], the malt had been analyzed to have a diastatic power of > 240 °WK, and β-glucan 
levels of < 200 mg/l, both of which indicate a relatively high degree of modification. 
 Viking Malt Pilsner Malt Specifications [24]. 
Specification Value 
Moisture < 5% 
Extract fine > 82% 
Colour 3.0-4.0 °EBC 
Protein max. 11.5% 
Soluble nitrogen 620-750 mg/100g 
Free amino nitrogen 130-170 mg/l 
β-Glucans < 200 mg/l 
Friability > 85% 
Diastatic power > 240 °WK 
The specification of extract fine denotes that under laboratory conditions, fine-ground 
malt is expected to yield fermentable extract > 82% of the dry weight of the grain. 
4.2 Brewing Process 
As explored in section 2.3.4, malts of high degree of modification encourage the use of 
single-step infusion mash, due to their already high enzymatic activity. Hence, two dif-
ferent mash programs were employed, in order to resolve whether the mash profile had 
any effect to extract yield. 
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Since β-amylase has the optimal temperature range of 57 – 66 °C, and α-amylase a 
higher optimal temperature range of 65 – 75 °C, a simple single-step infusion mash pro-
gram addressing both domains was fashioned: In the infusion mash, the malt were kept 
in 66 °C for a 60-minute rest. 
A two-step mash program was selected in order to hold two distinct rests for each en-
zyme accordingly: First, a 30-minute rest for β-amylase at 60 °C and second, a 30-minute 
rest for α-amylase at 70 °C. 
Finally, a mash-out rest in 76 °C was held for 10 minutes at the end of each program 
respectively, in order to end enzymatic activity. A 30-minute boil was also employed after 
the lautering. The two mash profile details are displayed in Table 3. 
 Mash profiles for the infusion and two-step programs. 
Mash profile Rest 1 Rest 2 Mash-out 
Infusion 66 °C / 60 min - 76 °C / 10 min  
Two-step 60 °C / 30 min 70  °C / 30 min 76 °C / 10 min 
For the sake of the overall schedule, mash rest durations were shortened from advised 
values, in order to have enough time to brew two batches per day. Many literature 
sources maintain that mash durations should be set between 2 to 3 hours for the starch 
to sufficiently convert to simple sugars, but only 1-hour mash programs were employed. 
Also the boil time was shortened from recommended 1 – 2 hours to only 30 minutes. As 
the brewhouse is capable of rising mash and wort temperature nominally from 0.1 °C up 
to 2 °C per minute, a moderate 1 °C per minute temperature rise was implemented. The 
two mash programs are exhibited in Figure 18. 
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  Mash profiles for the brew programs. 
A program of brew batches was implemented in order to determine brewhouse efficiency 
and mash profile suitability for the brewhouse. The water and malt quantities per batch, 
with mash program for each batch accordingly are presented in Table 4. Liquor used 
was local tap water, with no additions or mineral level corrections. 0-tests (batches 0.1 
and 0.2) without grist were also done. 
 Brew program for each batch accordingly. 
Batch number Water (l) Malt (kg) Liquor to grist ratio (ml / g) Mash program 
0.1 30 0 - Infusion 
0.2 30 0 - Two-step 
1.1 30 4 7.50 Infusion 
1.2 30 4 7.50 Two-step 
2.1 30 6 5.00 Infusion 
2.2 30 6 5.00 Two-step 
3.1 30 8 3.75 Infusion 
3.2 30 8 3.75 Two-step 
4.1 30 10 3.00 Infusion 
5.1 30 6 5.00 Infusion 
Each batch was brewed by following the basic brewhouse operation described in Chap-
ter 3, with the exception of not adding hops or any other flavouring substances in the 
boil, in order to have dry matter measurements portray values stemming only from barley 
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grains. Also, none of the batches were inoculated with yeast, but discarded after taking 
required measurements and samples. 
Out of 10 batches brewed, only batch no. 2.2 failed to lauter properly. A blockage oc-
curred during sparging, and no wort sieved through the grain bed. This forced the dis-
mantling of the bed, which subsequently led to failing to collect sufficient quantity of wort. 
Otherwise, no exceptions occurred to the basic workflow depicted in Chapter 3 and Fig-
ure 7. 
4.3 Data and Sample Collection 
The following measurements were recorded from each batch in order to address effi-
ciency: 1) Durations of the temperature rises in mash, 2) lauter time durations, 3) weight 
of the grist before mash and 4) after lautering, 5) total wort yield before and 6) after the 
boil, 7) change of sugar concentration during mashing (in degrees Brix, read from real-
time data provided by refractometer) and 8) sugar concentration in final wort. 
After a batch was boiled and cooled down to 20 °C, representative samples of the wort 
were collected. A total of six samples were collected aseptically from each batch in 2,5 
ml plastic vials, closed with a replaceable cap and stored for analysis. Two vials from 
each batch were stored in ambient temperature (approximately 20 °C), two refrigeration 
temperature (approximately 8 °C) and two in freezer (approximately -15 °C). 
Once all batches were completed and wort samples collected, the samples were warmed 
to ambient temperature and filtered with 0.45 µm syringe filters. The filtered samples 
were then analyzed using an Agilent Technologies 1260 Infinity HPLC, shown in Figure 
19. 
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  Agilent Technologies 1260 Infinity HPLC stack. 
5 Results 
5.1 Description of the Samples 
Out of a total of 54 sample vials collected, 8 were compromised. Each of the spoiled 
samples were from the vials stored in ambient temperature. Each were also spoiled in a 
similar fashion, with the cap of the vial discharged and contents spilled out, with distin-
guished yeast-like smell clearly detectable. These spoiled samples were discarded. 
Other samples remained intact, yet with clearly visible sediment accumulated in some of 
the vials. This accumulation was filtered out of the samples before implementing the 
HPLC. The accumulation was not studied, but discarded along with the used 0.45 µm 
syringe filters. 
The HPLC provided results with readily calculated concentrations of maltose, glucose, 
fructose and ethanol in each sample, respectively. No further research was done on the 
results; they were only collected and analyzed. Along with the already calculated values 
of the aforementioned components, the result print-outs provided also retention times of 
two distinct components clearly present in each sample, but which were not recognized 
in the HPLC process. A sample diagram of the HPLC printouts is depicted in Figure 20. 
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 An example diagram as resulted from the HPLC. X-axis depicts the retention time in 
minutes and Y-axis refractive index units. Several visible peaks can be observed, with 
two unrecognized peaks at retention time of 8.787 and 10.245 minutes. Detected peaks 
with retention time of 11.118, 12.979 and 16.076 minutes were recognized as maltose, 
glucose and fructose, respectively. 
5.2 Analysis of the Samples 
As no other values besides the retention time and refractive index unit per each of the 
detected unknown component were available, they remained unrecognized, and were 
consequently discarded. This resulted in the analysis of the known fractions only. The 
data was collected from each printout. All data analyses were performed with Microsoft 
Excel 2016. 
5.2.1 Wort Carbohydrate Yield 
Results from the HPLC were analyzed with MS Excel 2016. The resulted concentrations 
of fermentable carbohydrate fractions in each sample (maltose, glucose and fructose), 
as provided by the HPLC analysis, were summed. 
Mean values of the concentration of fermentable carbohydrates of each batch were cal-
culated. The results in relation to grist quantity are presented in Figure 21. 
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  Concentration of fermentable sugars in relation to grist quantity in mash. N = 6 for 
each data point. 
Mean values of each fermentable carbohydrate fraction share were also calculated from 
the total results. The results are displayed in Figure 22. Maltose was the most abundant 
fermentable carbohydrate fraction, with relatively balanced mean value of 88% across 
each sample. Glucose and fructose were also recognized, with 10% and 2% shares, 
respectively. 
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  The share of each recognized fermentable carbohydrate fraction (N = 39). 
5.2.2 Efficiency 
Estimated extract yield percentage was calculated for each batch number respectively, 
using the formula presented in section 2.6. The results are displayed in Table 5.  
 Results of extract yield and liquor to grist ratio. °P and FG values are measured at after 
the boil, at 20 °C. 
Batch 
number 
Water 
(kg) 
Malt 
(kg) 
Wort yield 
volume (l) °P FG 
Extract 
yield 
Liquor to 
grist ratio 
(ml/g) 
0.1 30.1 0 22.6 - - - - 
0.2 30.0 0 25.5 - - - - 
1.1 30.0 4 30.8 8.5 1.034 65% 7.50 
1.2 30.0 4 31.1 8.5 1.034 66% 7.50 
2.1 30.0 6 33.6 10.7 1.043 60% 5.00 
2.2 30.0 6 13.2 10.4 1.042 23% 5.00 
3.1 30.0 8 36.7 13.9 1.056 65% 3.74 
3.2 30.0 8 30.2 14.0 1.057 54% 3.75 
4.1 30.0 10 37.3 15.2 1.062 58% 3.00 
5.1 30.0 6 29.5 12.4 1.050 62% 5.00 
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Temperature rise rate while mashing, in relation to liquor to grist ratio is presented in 
Figure 23.  
 
  Mash temperature rise (°C/min) in relation to liquor to grist ratio (ml liquor/g grist). 
Lauter time in relation to liquor to grist ratio is presented in Figure 24. 
 
  Lauter duration (minutes) in relation to liquor to grist ratio. 
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Mash efficiency for each batch was calculated by the following formula: 
𝑀𝑎𝑠ℎ 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%)
=  
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑏𝑙𝑒 𝑐𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑠 (
𝑘𝑔
𝑙
) × 𝑊𝑜𝑟𝑡 𝑦𝑖𝑒𝑙𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑙)
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑔𝑟𝑖𝑠𝑡 𝑖𝑛 𝑚𝑎𝑠ℎ (𝑘𝑔)
 
The equation reveals the share of fermentable carbohydrates extracted to wort, in rela-
tion to the dry weight of the grist used. The results of mash efficiency, regardless of mash 
profile or sample storage method, in relation to grist quantity in mash are displayed in 
Figure 25 (N = 40). 
 
  Mash efficiency in relation to grist quantity in mash. 
5.2.3 Mash Profile Suitability 
The suitability of infusion and two-step mash programs were compared. The fermentable 
carbohydrate fraction concentrations per batch were summed, and the mash profile re-
sults were compared with MS Excel 2016 and analyzed with single-factor ANOVA. The 
results of the statistical analysis are displayed in Table 6. 
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 Single-factor ANOVA of mash profile comparison. Confidence level α = 0.05, N = 15 
for each mash profile, respectively. 
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 865.73 1.00 865.73 4.07 0.053 4.20 
Within Groups 5957.53 28.00 212.77 
   
       
Total 6823.26 29.00         
SS = Sum of Squares 
df = Degrees of Freedom 
MS = Mean Square       
5.2.4 Sample Storing 
Sample storing method was also scrutinized. Since some of the room-temperature sam-
ples were destroyed, only the samples from refrigerator and freezer were analyzed. 
Sum of the concentration of fermentable carbohydrate fractions in each sample (maltose, 
glucose and fructose), as provided by the HPLC analysis, were calculated. The sample 
values (N = 32) were compared with MS Excel 2016 and analyzed with single-factor 
ANOVA. The results of the statistical analysis are presented in Table 7. 
 Single-factor ANOVA results of the sample storage method. Two methods, refrigeration 
and freezing, are compared. Confidence level α = 0.05, N = 16 for each storage 
method, respectively. 
ANOVA 
      
Source of Variation SS df MS F P-value F crit 
Between Groups 185.608 1 185.608 0.574 0.454 4.171 
Within Groups 9692.537 30 323.085 
   
SS = Sum of Squares 
df = Degrees of Freedom 
MS = Mean Square       
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5.3 Interpretation of the Results 
Since two flagrant unknown components were detected in each sample, the eventual 
results are unreliable and rough estimates at best. This uncertain factor might affect the 
total share of carbohydrate fractions, and subsequently the results of the statistical anal-
ysis, should the unknown peaks be recognized. 
One of the main factors limiting the interpretation was the small quantity of batches 
brewed. With the amount of samples available, taking in consideration also the spoilage 
of some of the samples, reliability of the statistical analysis is diminished. Hence it can 
be stated that the results are not statistically viable and more research is required in 
order to study the brewhouse more reliably. 
The data available, however, can be subjected to at least some degree of interpretation. 
Since the brewhouse yield, or extract yield, exhibited in Table 5, does not take HPLC 
results in consideration, a rough 60% mean level of extract yield can be calculated from 
the separate batch results. 
From the Figures 23 and 24, temperature rise duration and lauter time duration in relation 
to liquor to grist ratio, respectively, can be observed that as thicker the mash is, more 
time is required to process the batch. This is probably due to that more energy, and 
subsequently more time, is required to heat the greater quantities of grist present in the 
mash. Greater grist quantities create also thicker mash beds, through which the duration 
of passing of carbohydrates is longer. 
An another obvious characteristic which was also found out, as expressed in Figure 21, 
was that as the grist quantity in mash is increased, also the concentration of fermentable 
saccharides is increased. At the same time, however, mash efficiency, as expressed in 
Figure 25, remains relatively unchanged and balanced regardless of grist quantity at a 
rough mean level of 40%. 
A hypothesis was put forth that mash profile selection would have a statistically viable 
effect in production of fermentable carbohydrate fractions. The hypothesis favored infu-
sion mash profile, since malts with high degree of modification generally require no mul-
tiple steps during mashing, since the starch in the grain is already well-prepared to sol-
ubilize into carbohydrates. Multiple steps were expected to be redundant. In light of data 
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available, and according to statistical data analysis observed in Table 6, the mash profile 
selection did not, however, have any statistically viable effect in the production of fer-
mentable carbohydrates. This result is probably due to a relatively small amount of sam-
ples available. 
The sample-storing method did not have any statistically viable effect in concentration of 
the fermentable carbohydrates either. This may also be due to the relatively small 
amount of samples available. Should the samples stored at room temperature have been 
available for analysis, a distinct indication would have probably been found suggesting 
not to store them in room temperature. 
More studies are required to reassess both of these results. 
6 Discussion 
6.1 Conclusions 
The evident spoilage of some of the ambient-temperature-stored samples were probably 
due to a microbial contamination. Since the caps of the sample vials had discharged, a 
significant pressure must have accumulated inside the vial. This is possibly the result of 
carbon dioxide metabolized by a probable wild yeast or some another microbe. This in-
dicates that the fermentable carbohydrates available in the wort sample had started to 
ferment. Another piece of evidence suggesting a wild yeast contamination was a distin-
guished yeast-like odor emanating from the spoiled samples. 
Either of the two unknown components detected in HPLC data printouts may have been 
maltotriose, a carbohydrate also susceptible to fermentation by yeast. A possible detec-
tion of yet another fermentable carbohydrate fraction diminishes the reliability of the re-
sults depicted in Chapter 5, as the total amount of fermentable carbohydrates and there-
fore the share of each carbohydrate fraction is changed. More studies are required in 
order to recognize all fractions available in wort samples. 
As expressed in Figure 22, maltose was found to be the most abundant fermentable 
carbohydrate fraction in all samples. This was an expected result, consistent with the 
findings in previous literature. In addition, glucose and fructose were also detected, but 
41 
  
no other carbohydrate fractions were recognized, however clearly present. If all other 
carbohydrate fraction shares exhibited in Table 1 are disregarded, maltose occurs in a 
share of 81%, while glucose in 13% and fructose in 6% shares. Compared to the results 
in the experiments conducted here, the shares are strikingly similar. 
With values from literature stating a generally common brewhouse yield of 75 – 79%, the 
overall result of 60% brewhouse yield seems suspiciously low. Also, the generally low 
value of 40% mash efficiency gives rise to questions whether the brewhouse was not 
operated at full potential, or whether somewhere in the operation lies a bottleneck when 
yielding wort. When this is mirrored to the total soluble extract of the malt used with 
nominal target value of >82%, a significant gap between the potential extract available 
and the extract yielded is clearly visible. 
A possible reason for lower-than-expected extract yield is the shortened mashing dura-
tion. When the mashing was arrested in each batch, refraction data indicated that carbo-
hydrate levels were still rising in the mash. Should the mashing had been allowed to 
continue until all of the available starch had been solubilized, carbohydrate yield might 
had been increased. 
Nevertheless, if all factors described here are taken in consideration, the relatively bal-
anced results of brewhouse efficiency and mash efficiency indicate that the data availa-
ble was sufficiently rigid to have each batch display similar values. Furthermore, the bal-
anced, matching shares of maltose, glucose and fructose concentrations are a positive 
result. These may be a direct consequence of properly following the brew programs and 
also provide stable initial values for further research. 
6.2 Recommendations and Future Prospects 
Since no statistically viable results were achieved, new concentrated tests regarding the 
mash profiles are highly recommended. Different statistical analyses are encouraged to 
be used in order to achieve optimal mashing conditions, and subsequently enhanced 
extract yield. It can be noted that no more tests are recommended regarding the sample 
storage method. Freezing the samples is expected to be the best option, with storing 
them in ambient temperature remaining as the least attractive choice. 
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This thesis did not regard fermentation in any way, and it is thus left as subject for future 
studies. Yeast reuse and viability after primary fermentation could be of interest. Other 
recommended subject of study is the replicability of an industry-quality beer recipe. Since 
the need may rise that novel breweries may order quality analysis services in the future, 
these aspects should be also addressed. 
In conclusion, with appropriate routine while operating the brewhouse and with sufficient 
knowledge of all of the fractions available from the HPLC data, both fermentable carbo-
hydrate yield and brewhouse yield may be greatly enhanced. Also with enhanced liquor 
to grist ratio, prolonged duration of mashing and boiling, and efficient lautering, encour-
aging results may be achieved. Currently, however, with the level of knowledge acquired, 
initiating any commercial analysis services for industrial breweries are not encouraged, 
at least until the complete operational values of the brewhouse are fully understood. 
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Brewhouse User’s Manual in Finnish 
 
Käy ohjeet huolellisesti läpi ennen käyttöä! 
Laite koostuu seuraavista komponenteista: 
 Ohjauspaneeli 
 Whirlpool-astia 
 Siiviläkattila, jossa siiviläamme 
 Mäskäys- ja keittokattila (tilavuus 45 litraa) 
 Levylämmönvaihdin 
 Neljä käymistankkia, joista kaksi on asetettu voima-antureille. Tankkien tilavuus 
40 litraa / kpl. 
 Lohkoroottoripumppu ja lukitussalvallisia letkuja fluidin siirtoa varten. 
Ohjauspaneelin kosketusnäyttövalikko näyttää oletuksena laitteiston tämänhetkisen 
tilan. Paneelissa näkyvä vasen sininen tankki on vaipan lämmitykseen käytettävä 
varaaja, jonka yläpuolella lukee lämmitysveden tämänhetkinen lämpötila ja ohjearvo. 
Tankin alapuolella on ilmoitettu tämänhetkinen lämmitysteho (vaihtelee välillä 0-6 kW). 
Varaaja kierrättää putkistossa kuumaa vettä, lämmittäen mäskäys- ja keittokattilan 
lämmitysvaippaa. 
 
Näytöllä oikeanpuoleinen sininen tankki on mäskäys- ja keittokattila, jonka ympärillä 
lukee tietoja kattilan tämänhetkisestä tilasta. Tankin oikealla puolella on lämpötiloja: 
Ylimpänä kattilan sisällön tämänhetkinen lämpötila, jonka alapuolella on ohjearvo 
(lämpötilan nostoon liittyvä ohjausarvo). Porras-lämpötila kertoo tavoitteena olevan 
lämpötilan. Brix ilmoittaa kertoo kiintoainepitoisuuden ja pH pH:n, mikäli kyseiset anturit 
ovat liitetty mäskäystankin yhteisiin. 
 
Näytöllä tankin päällä näkyy sekoitin M1, jonka suhteellinen pyörimisnopeus on merkitty 
palkin päälle. Maksimi 100% on 1375 rpm. 
 
Näytön vasemmassa yläkulmassa ilmoitetaan parhaillaan käynnissä olevan vaiheen 
jäljellä oleva kesto. Mikäli laite nostaa lämpöä, kello ei ilmoita jäljellä olevaa aikaa. 
”Alusta” –laskuri ilmoittaa meneillään olevan prosessivaiheen tämänhetkisen keston, ja 
pudotusvalikko näyttää meneillään olevan prosessivaiheen. 
 
Näytön alareunassa on seitsemän erilaista alavalikkoa: Resepti-sivulla voit syöttää 
reseptisi, Trendi näyttää lämpöantureiden trendit kuvaajalla (yhden ja kuuden tunnin 
näkymät), Säiliöt-sivulta näet käymistankkien tämänhetkisen tilan, Asetukset-sivulla voit 
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muuttaa mäskäyksen ja keiton aikaisia asetuksia, Säätötrd ilmoittaa säätötrendejä 
kuvaajalla, Trendi S näyttää käymisastioiden trendit kuvaajalla ja Sekoitin-sivulta pystyt 
muuttamaan mäskäys- ja keittoastian sekoittimen asetuksia. 
 
1. Syötä resepti. 
Huomioi, että laitteella ei voi rakentaa varsinaista olutreseptiä, vaan ainoastaan 
toistaa tietyn mäskäys- ja keittoprofiilin. Olutresepti täytyy valmistaa erikseen.  
a. Valitse kosketusnäyttövalikosta kohta ”Resepti”. 
b. Valikossa on viisi eri porrasvaihtoehtoa (merkitty sarakkeisiin 1-5). 
Sarakkeen ensimmäinen lukuarvo on vaiheen lämpötila celsiusasteina, 
toinen kyseisen vaiheen kesto minuutteina, kolmas on sekoituksen 
nopeus kyseisessä vaiheessa. Kunkin portaan lämpötilan, keston ja 
sekoitusnopeuden voi asettaa erikseen. Panimolaitteisto käy jokaisen 
vaiheen läpi sarakkeittain järjestyksessä 1  5. 
c. Syötä mäskäysvaiheet reseptisi mukaisesti: 
i. Kosketa lukuarvoa. 
ii. Syötä reseptisi mukainen arvo (esim. 66 (C)), 60 (min) ja 30 (%)). 
iii. Hyväksy arvo painamalla ”Ent”, hylkää valinta painamalla ”Esc” tai 
tyhjennä kenttä painamalla ”Clr”. 
d. Reseptejä voi myös tallentaa, tai hakea jo tallennettuja reseptejä 
valitsemalla kohdasta ”Resepti nro” joko ”Hae” tai ”Talleta”. 
e. Reseptisivulta voi valita myös muita vaihtoehtoja: 
i. Nousunopeus (sek/C) - kuinka nopeasti laite pyrkii nostamaan 
mäski- ja keittokattilan lämpötilaa yhdellä celsiusasteella (esim. 45 
sek/C - nostaa kattilan lämpötilaa yhdellä asteella 45 sekunnissa). 
ii. Sekoituksen ohjaus nostossa – kuinka nopeasti sekoitin pyörii 
lämpötilan nostovaiheessa. 
f. Palaa takaisin päävalikkoon valitsemalla ”Kattila”. 
 
2. Aseta muut asetukset 
a. Mäski- ja keittokattilan sekoitin 
i. Valitse kosketusnäyttövalikosta kohta ”Sekoitin”. 
ii. Oletusarvo on 0 (Seis). Voit valita pyörimissuunnan painamalla 
lukua 0 ja kirjoittamalla kenttään 1 tai 2. Lukuarvo 3 on 
automaattiasetus, jolla sekoitus tapahtuu reseptissä ja 
yleisasetuksissa annettujen arvojen mukaisesti. Hyväksy arvo 
painamalla ”Ent” ja palaa päävalikkoon painamalla ”Kattila”. 
b. Valitse ”Asetukset”. 
i. Mäskäys hälytyshystereesi. 
ii. Mäskäys hälytysviive. 
iii. Keittoaika – Keittovaiheen (kohta 10) kesto. 
iv. Lämmitysvesi keitossa – Vaipan lämmitysveden asetus 
keittovaiheessa. 
v. Kiehumisraja – Keittovaiheen lämpötila, jossa keittoaikalaskuri 
käynnistyy. 
vi. Sekoitin nostossa – Sekoittimen suhteellinen nopeus lämpötilan 
nostovaiheessa. 
vii. Sekoitin keitossa – Sekoittimen suhteellinen nopeus 
keittovaiheessa. 
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viii. Varaaja minimilpt – Lämminvesiraajan minimilämpötila. 
ix. Minimiero mäskäyksessä -  
x. Varaaja keitossa – Lämminvesivaraajan lämpötila 
keittovaiheessa. 
xi. Säätöhystereesi 
xii. Hälytysajat – Voit asettaa laitteen hälyttämään äänimerkillä 
keittovaiheessa tietyin väliajoin. Valittavanasi on viisi eri aikaa. 
Asettamalla ensimmäiseen kenttään esimerkiksi arvon 5, laite 
hälyttää 5 minuuttia keiton aloittamisen jälkeen. Tätä voi käyttää 
esimerkiksi humalan tai muiden mausteiden lisäämisen 
muistutuksena sekä keittovaiheen päättymisen ilmoitukseen. 
Hälytys kuitataan kosketusnäytölle ilmestynyttä punaista ympyrää 
koskettamalla. 
 
3. Käynnistä vaipan lämmitys. 
a. Käännä vasemmanpuoleista kytkintä (merkitty ”1=Mäskäys 2=Keitto”) 
kerran asentoon 1=Mäskäys ja palauta kytkin takaisin 0-asentoon. Tämä 
käynnistää lämmitysvaipan veden lämmityksen ohjearvoon. 
 
4. Aseta siiviläamme siivilöintikattilaan ja sulje kattilan kansi. 
a. Siiviläammeita on kaksi erilaista, valitse toinen. 
b. Nosta siiviläamme kattilaan, ritilä alhaalle ja kahvat ylös.  
c. Kiinnitä kansi paikoilleen siten, että sisääntuloputki asettuu kattilan 
oikealle puolelle. 
d. Kiristä kaksi takimmaista ruuvia. 
e. Sulje siiviläammeen alapuolinen venttiili. 
 
5. Kytke letkut. 
a. Laitteiston yhteydessä on valikoima eripituisia letkuja, jotka on varustettu 
sulkimilla. Valitse kaksi lyhyehköä letkua, ja kytke ne seuraavasti: 
i. Mäskäyskattilan alapuolisesta ulostuloliitännästä 
lohkoroottoripumpun oikealle puolelle 
ii. Lohkoroottoripumpun vasemmalta puolelta ylös siivilöintiammeen 
sisääntuloon 
b. Työnnä letkut paikoilleen siten, että molemmat sulkimet osoittavat kohti 
kytkettävää liitäntää. Työnnä sulkimet taaksepäin, jotta letkut lukittuvat 
paikoilleen. 
 
6. Lisää raaka-aineet mäskäyskattilaan ja aloita mäskäys. 
a. Sulje mäskäyskattilan alapuolinen venttiili. 
b. Lisää kattilaan reseptisi mukainen määrä vettä. 
c. Mikäli haluat suorittaa sisäänmäskäyksen, lisää ensin ainoastaan vettä ja 
aseta reseptin ensimmäiseksi vaiheeksi tavoiteltu strike water -lämpötila. 
Lisää maltaat vasta kun laite on nostanut iskuveden lämpötilan riittävän 
korkeaksi. 
d. Lisää kattilaan reseptisi mukainen määrä maltaita. 
e. Käännä vasemmanpuoleinen kytkin asentoon ”1=Mäskäys”. 
f. Mäskäys käynnistyy, ja panimolaitteisto ryhtyy suorittamaan reseptisivulle 
kirjattua reseptiä. 
i. Kosketusnäytön vasemmassa yläkulmassa on aikaa alaspäin 
laskeva kello, (Jäljellä), joka ilmoittaa kyseisen vaiheen jäljellä 
oleva keston. 
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ii. Kellon oikealla puolella on toinen kello, joka ilmoittaa tähän asti 
kuluneen ajan siitä kun vaipan lämmitysvesi käynnistettiin. 
g. Voit muuttaa mäskäyksen aikana erilaisia asetuksia (esim. vaiheen 
kestoa, lämpötilaa ja sekoitusnopeutta) reseptisivulta. 
h. Laitteisto ei ilmoita mäskäyksen valmistumisesta äänimerkillä, vaan 
prosessin etenemistä tulee itse seurata. Vaiheen valmistuttua 
pudotusvalikkoon ilmestyy teksti ”Valmis”, ja ”Jäljellä”-laskuri nollautuu. 
i. Aseta vasemmanpuoleisin kytkin asentoon 0. Tämä lopettaa 
mäskäysvaiheen. 
 
7. Siirrä mäski siiviläammeeseen. 
a. Varmista, että siivilöintikattilan alla oleva venttiili on suljettu. 
b. Varmista, että siivilöintikattilan alla oleva näkölasilla varustettu putki on 
kytketty whirlpool-astian kannen keskelle ja kannen ruuvit kiinnitetty. 
c. Laske siiviläammeeseen noin 20 litraa lähes kiehuvaa vettä. 
Tarkoituksena on sekä kuumentaa siiviläamme, että käyttää samaa vettä 
myöhemmin siivilöintivetenä. 
d. Varmista, että whirlpool-astian kaikki venttiilit on suljettu (yht. 4 kpl). 
e. Laske vesi siivilöintikattilasta whirlpool-astiaan. Sulje siivilöintikattilan 
poistoventtiili, kun vesi on siirretty. 
f. Varmista, että mäskäyskattilan sekoitin pyörii. Sopiva nopeus määräytyy 
mäskin tiheyden perusteella. Mikäli sekoitin ei pyöri siirron aikana, mallas 
jää mäskikattilaan ja siivilöinti epäonnistuu. 
g. Varmista, että lohkoroottorimpumpun nopeudensäädin (potikka, jonka 
ylle merkitty teksti ”Nopeus”) on asennossa 0.  
h. Valitse lohkoroottoripumpun kytkimestä (paneelissa merkitty ”Lr-
pumppu”) suunta, johon haluat pumpata. Suunta 1 << on oikealta 
vasemmalle, suunta >> 2 on vasemmalta oikealle. 
i. Mikäli mäskikattilan pohjasta tuleva letku on liitetty kohdan 5ai mukaisesti 
pumpun oikealle puolelle ja siirtoletku kohdan 5aii mukaisesti pumpun 
vasemmalta puolelta siiviläammeeseen, pumppaussuunta on 1 << 
(oikealta vasemmalle). 
j. Avaa siiviläammeen sisääntuloventtiili. 
k. Nosta pumpun nopeus aluksi noin 40%:iin.  
l. Avaa mäskikattilan alla oleva venttiili. 
m. Mikäli mäski ei siirry mäskäyskattilasta siiviläammeeseen, lisää pumpun 
nopeutta tai ”ammu” pieni määrä vettä pumpulla mäskikattilaan lisäämällä 
letkuun vettä ja käyttämällä pumppua nopeasti asennossa >> 2. 
n. Kun mäskikattila on tyhjentynyt, sulje astian alapuolella oleva venttiili ja 
sammuta pumppu kytkemällä se asentoon 0. Pyöritä nopeudensäädin 
asentoon 0. 
 
8. Siivilöi vierre mäskista. 
a. Avaa  siiviläammeeseen kohtisuoraan yläpuolelta tuleva venttiili ja aseta 
liitäntään suppilo.  
b. Siirrä letku siivilöintiastian sisääntuloliitännästä whirlpool-astian 
ulostuloliitäntään. 
c. Varmista, että kaikki whirlpool-astiasta pois johtavat venttiilit on suljettu 
(yhteensä 4 kpl). 
d. Avaa mäskäyskattilan venttiili. 
e. Varmista, että pumpun nopeus on 0. Käynnistä pumppu suuntaan >> 2 
(vasemmalta oikealle). 
f. Avaa whirlpool-astian poistoventtiili. 
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g. Nosta pumpun nopeutta ja pumppaa kuuma siivilöintivesi mäskikattilaan. 
h. Kun vesi on siirretty, sulje whirlpool-astian venttiili ja siirrä liitännässä 
oleva letku takaisin siivilöintiammeen sisääntuloliitäntään. 
i. Avaa siivilöintikattilan alapuolella olevaa venttiiliä varovasti hieman – jos 
venttiili on liian auki ja vierre siirtyy liian nopeasti whirlpool-astiaan, 
siivilöinti tukkeutuu! 
j. Laske vierrettä aluksi noin 10% kokonaisvierremäärästä. Sulje 
siivilöintikattilan poistoventtiili. 
k. Laita whirlpool-astian ulostuloliitännän suulle astia, johon voit ottaa 
astiassa olevan vierteen talteen. 
l. Avaa whirlpool-kattilan ulostuloliitännän venttiili ja ota vierre talteen. Sulje 
venttiili, kun astia on täynnä. 
m. Tarkista vierteen sameusaste. Mikäli vierre on sameaa, palauta vierre 
siiviläammeeseen suppilon kautta ja laske whilrpool-astiaan uudestaan 
noin 10% vierrettä. 
n. Kun vierre on riittävän kirkasta eikä siinä erotu suurempia partikkeleita, 
avaa siiviläammeen poistoventtiili ja anna vierteen valua hitaasti 
whirlpool-astiaan. 
o. Siivilöinti tukkeutuu helposti! Älä laske vierrettä liian nopeasti. Mallaspatja 
asettuu siiviläammeeseen tiheäksi kakuksi, johon voi tarvittaessa leikata 
varovasti muutaman viillon esimerkiksi pitkällä leipäveitsellä. Kakku ei 
kuitenkaan saa hajota. 
p. Kun vierteen pinnantaso laskee siiviläammeessa siten että lähes näet 
kakun pinnan, avaa mäskäyskattilan poistoventtiili ja siivilöintiammeen 
sisääntuloventtiili. 
q. Varmista, että pumpun nopeus on 0. Käynnistä pumppu suuntaan 1 <<. 
Nosta pumpun nopeutta hitaasti, ja pumppaa patjan päälle siivilöintivettä 
hitaasti siten, ettei pinta rikkoudu mutta ei myöskään pääse kuivumaan. 
r. Kun vierrettä on kerätty whirlpool-astiaan riittävästi, sulje siiviläammeen 
poistoventtiili. Riittävä määrä riippuu joko olutreseptisi mukaisesta 
halutusta tilavuudesta tai halutusta saavutetusta kiintoainepitoisuudesta. 
s. Tyhjennä mäskäys- ja keittoastia mahdollisesti jäljellä olevasta 
siivilöintivedestä viemäröintiletkulla. Varmista, että viemäröintiletkun 
toinen pää on viemärissä! Kattilan tyhjennyttyä palauta pumpulta tuleva 
letku kattilan liitäntään. 
 
9. Siirrä vierre mäskäys- ja keittoastiaan. 
a. Siirrä letku siivilöintiammeen sisääntuloliitännästä whirlpool-astian 
poistoliitäntään. Varo letkussa mahdollisesti jäljellä olevaa siivilöintivettä 
ja poista se! 
b. Avaa whirlpool-astian poistoventtiili ja keittoastian alapuolinen venttiili. 
c. Käynnistä pumppu suuntaan 2 >> (vasemmalta oikealle). 
d. Nosta pumpun nopeutta kontrolloidusti mutta riittävästi. Vierre siirtyy 
mäskäys- ja keittoastiaan. 
e. Kun whirlpool-astia on tyhjä, sulje whirlpool-astian poistoventtiili ja 
keittoastian alapuolinen venttiili. 
f. Käännä pumpun nopeus asentoon 0 ja sammuta pumppu. 
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10. Keitä vierre. 
 
Huomio – vakava palovamman riski! Varo kuumia pintoja, 
kuumaa höyryä ja etenkin humalan lisäämisestä syntyvää 
kuohahdusta! Lisää raaka-aineet varovaisesti kattilaan. Mikäli 
keittokattila on liian täynnä ja kansi kiinni, vierre kiehuu 
helposti yli. 
 
a. Käännä vasemmanpuoleinen kytkin asentoon 2=Keitto.  
i. Laitteisto alkaa nostaa keittokattilan vaipan lämpötilaa. Vaipan 
tavoitelämpötila määräytyy Asetukset-sivulle kirjatun 
Tavoitelämpötila keitossa –arvon perusteella. 
ii. Huom – vierrettä tulee olla kattilassa vähintään siten, että 
lämpötila-anturi TE1 on koko keiton ajan peittyneenä (noin 25 
litraa).  
iii. Keittoaika määräytyy Asetukset-sivulle kirjatun keittoajan 
perusteella. Arvoa voi muuttaa kesken keiton. Keittoaika lähtee 
käyntiin alkaen keittokattilan sisällön tavoitelämpötilan 
saavuttamisesta.  
iv. Laitteistolle voidaan antaa myös jokin 100 astetta alempi 
”kiehumislämpötila”, jolloin keittovaihe tapahtuu tässä alemmassa 
lämpötilassa ilman, että vierre varsinaisesti kiehuu. 
v. Sekoitusnopeutta voi muuttaa tarvittaessa Asetukset-sivulta 
kohdasta ”Sekoitusnopeus keitossa”. 
b. Lisää humalat ja muut mausteet reseptisi mukaisessa vaiheessa. Voit 
lisätä Asetukset –sivulta itsellesi äänimerkit haluamillesi 
lisäysajankohdille.  
c. Lisää muut mahdolliset aineet reseptisi mukaisessa vaiheessa. 
d. Laite ei ilmoita keiton valmistumisesta, ellet ole asettanut Asetukset-
sivulle keittoajan mukaista hälytystä. 
 
11. Whirlpool, jäähdytys ja siirto käymistankkiin. 
a. Rakenna levylämmönvaihtimen letkutus valmiiksi, mutta jätä vierteen 
sisääntulo kytkemättä. Oikein tehty letkutus on kuvattu kuvassa 1. 
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Kuva 1. Kytkennät whirlpoolia aloittaessa. 
 
b. Varmista, että levylämmönvaihtimen vierteen ulostulo johtaa 
käymistankkiin! Avaa käymistankin sisääntuloventtiili, sulje käymistankin 
kansi, varmista että vesilukko on paikoillaan ja avaa ilmausventtiiliä 
hieman. 
c. Siirrä loput letkut. 
i. Tyhjennä letkut varovasti aiemmasta vierteestä. 
ii. Keittokattilan pohjaventtiilistä letku lohkoroottoripumpun oikealle 
puolelle. 
iii. Lohkoroottoripumpun vasemmanpuoleisesta venttiilistä letku 
whirlpool-astian oikeanpuoleiseen sisääntuloliitäntään. 
iv. Avaa whirlpool-astian ylempi venttiili, pidä alempi kiinni. 
d. Käynnistä pumppu suuntaan 1<< (oikealta vasemmalle) ja nosta nopeus 
n. 20% asti. 
e. Avaa  keittokattilan pohjaventtiili. 
f. Nosta pumpun nopeutta siten, että whirlpool-astiaan syntyy selkeä 
pyörre. 
g. Kun keittokattila on täysin tyhjä, sulje pohjaventtiili ja sammuta pumppu. 
h. Vaihda keittokattilan pohjaventtiilissä kiinni oleva letku 
levylämmönvaihtimen sisääntuloon. Varo letkussa mahdollisesti 
olevaa kuumaa vierrettä! 
i. Sulje whirlpool-astian oikeanpuoleisen sisääntuloliitännän ylempi venttiili, 
ja avaa alempi. Pidä huoli, ettei pyörre ehdi pysähtyä. 
j. Käynnistä pumppu suuntaan >> 2 (vasemmalta oikealle). 
k. Whirlpool-astia tyhjentyy käymistankkiin ja viilenee samanaikaisesti. Voit 
kontrolloida käymistankkiin siirrettävän vierteen lämpötilaa säätämällä 
kylmän veden sisääntulon ja pumpun virtausnopeuksia. 
l. Kun whirlpool-astian pinnankorkeus laskee, näet astian keskelle ruvasta 
muodostuneen keon. Pyri välttämään ruvan päätymistä astian ulostuloon. 
m. Vähennä hitaasti pumpun tehoa, jotta saat vierteen mahdollisimman 
hyvin talteen. Kun astia on tyhjä keskellä olevaa kekoa lukuunottamatta, 
sammuta pumppu ja sulje kaikki venttiilit (muista myös käymistankin 
venttiili!) 
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12. Käymistankit. 
a. Käymislämpötilan voi asettaa Säiliöt-sivulta kullekin tankille erikseen. 
i. Valitse haluamasi tankki 1-4 ja aseta sille haluamasi 
käymislämpötila valitsemalla ”Asetus”. Kunkin tankin nimikilpeen 
on merkitty kyseisen tankin numero (Pos.no). 
ii. Näet kunkin tankin tämänhetkisen lämpötilan ja massan Säiliöt-
sivun yläreunassa. 
 
13. Laitteen puhdistus. 
a. Ennakoi siivoustarpeet työn kuluessa – pyri välttämään ylimääräisiä 
roiskeita ja vuotoja! Siivoa jälkiä sitä mukaa kun niitä syntyy. Pidä aina 
siivousvälineitä saatavilla. 
b. Käytä puhdistukseen ainoastaan kuumaa vettä ja puhtaita 
siivousvälineitä. 
c. Pese mäskäys- ja keittokattila, sekoitin, taitekerroinmittari, kattilan reunat, 
saumat ja kaikki pinnat (muista myös kannen sisäpinta ja kattiloiden 
alapinnat!). 
d. Tyhjennä siiviläamme. Nosta siiviläamme pois siiviläkattilasta ja poista 
käytetty mallas. Pese huolellisesti sekä siiviläamme että –kattila. Pese 
huolellisesti myös kattilan kansi ja yhdysputki sekä kattilan alapinta. 
i. Hävitä käytetty mallas jätehuoneen biojäteastiaan välittömästi! Älä 
jätä mallasta muhimaan elintarvikelaboratorion roskakoriin – se 
alkaa haista! 
e. Tyhjennä whirlpool-astia ruvasta ja pese kattilan kansi sekä yhdysputki. 
Yhdysputkessa oleva näkölasi on irrallinen! 
f. Pese alataso sekä pumppuun ja lämmönvaihtimeen tulleet roiskeet. 
g. Kytke käyttämäsi letkut uudestaan ja aja noin kymmenen litraa lähes 
kiehuvaa vettä kerran koko laitteiston läpi (myös lämmönvaihdin!). 
h. Pese letkut ja niiden liittimet. 
i. Puhdistettuasi kaikki kattilat avaa kaikki venttiilit ja kannet, jotta ilma 
pääsee kiertämään ja ettei liittimiin tai venttiileihin jää seisomaan vettä.  
j. Moppaa lattiat huolellisesti. Vesi ja vierre valuu ikkunanpuoleiselle 
seinälle ja kertyy patterin alle, moppaa huolellisesti myös sieltä. 
k. Jätä laitteeseen virrat päälle käytön jälkeen. 
 
